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ABSTRACT

MIcaca mnulat mOnkeys were ezPosd to promt neuro aud Pm radlatift from two
mncler" detonatou (Project 30.6). At a period roughly two years poetiradlaion, the s'rvi-
vore bave been 4uIMIed with respect to kalg-term affects. The present comdtla of t0 e aMi-

mals relative to clinical appearance, peripheral hematology, behavior, and caaractomsta
has been evaluated sad compared with the &cute effects that were noted and reported for the
first 30 days fllowng empoesure.

Recovery of erythroid indices to shot Misom survivors was (1) functionafly complete by
about 9 weeks petezipo re, (2) effected by prodection ot larger hyperchrom€ erythrocytes
with a normal hemoglobln concentration, and (3) followed by a poussible macrocytic hyperthro-
mic anemia for the majority of the 6S.- to 640-day post - perio. Smlar phmamm
were not observed to the lower-doee o Flaesa survivors.

Lymphocytes of the myeloid "ri•e were the las to evidence recovery; the single animal
that died ezhibited a uniqhe lymphocytic kypoplasa, which suggests a dcferestlal ffect ams the
precursor tissue. By about 100 dsye, whe the myelold recovery was eentlsaly complete,
only a depressed total ledocyte coast reflected any long-term effect; relative populaUm of
the component cells wiro normal. Rot Mesa animals evidenced the depueseion/respomse
pattern observ•J in the shot Wilson animals, Out no long-term differeces were aqnrest.

The results with respect to behavior parwaeters include (1) dlremcee on prelimiry
WlMsosln Genera Test Appas training which spport the hypothesis of a rdtatiam-tIced
elevation of reapons, threshold value, (0) learlng-psrformaoce differences in the ma•le rsd-
ation dosage groups which are ia accord with previou researches am other groaod moMkys,
(3) observee differences between mals and f.uals monkey an both lemarng performance and
free-cap behavior parameters, sad (4) a radiatlon-ladeced factltatio on daff Mmt ets dis-
crtiluntlos problems.
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INTRODUCTION

1. 1 BACKGROUND

1%4 ,rimary- objecti'-e of Project 3.06 was to correlate -autm MWd pinMMM=~r=
w~dh btoekgc1a r~jolns*. 7%e Project participated an Iwo sbt 9f the Operation Pluinbbob
aeries. Thaec xh~fa vere; optimal for anmal exposures ca tk*e butis of yi~1d, cab SMl*sdb&g,
anW g*W~rdcv locatian. dtation p acemnwt, field eqmowar site*, and clazss11d paraiaetars
of the experiment are described in deftal IL Report IWT-15.05 (reference 1). All Josimetric
measuremento and prete calibrations were made by Pro).cts SO.1 *aima dosimetry) wAn
39.5 (neutron dosimetry). The neutron were mkade WAaM tka fission-ftil system
nf HV-xtt,2 amd the paumia-ry umeasreumets were made using te USAF zbemical dosimeter
Mystem.' T1e blast containers used to the biological experiments ol Operatic. Greenhouse
were madifimd for use in Operation Plumbbob, znl they are docnmemtad 1zv WT4IWS.

1.2 JUJICTIVU

ThMree techologic objectives were ad& iucd whim puAriclpa tlon La Operation Phimbbob Vas
first designed: (1) daterminiaticm of t~e LDC and the survival time vs. dome relation, (2) emmni-
nation of ecute clinical sips and their sproximate threshelds; and (3) the study of long-term
effoeUt, such as cat~rict production, 1110-span snbrtmlnif, borne-marrow thanges, sad carcino-
genesis. Mwe ftrst two objective@ have been fulfilled a&W reported.1 This report begins the ac-
complimbment of the third objtctive by documenting the remults of an analysis aid coznpaztson
of Alndlaps in the muvi-.izg animals. 21 to 24 months poetirradiation.

RI9Fk'iZNCZS

1. J. S. Pickering vt al., Operation Plumbbob Report, WIT-150, Decembe' -ION.
2. G. 8L Hunat ot al., Operation PlumIbbob Report, WT-1504, Narch 19OU.
3. 8. C. Sigolnif ot al., Operaitnm Plumbbob Report, WT-1500, November 1968.
4. R. ff. Draeger ot al., Operation Ureemboue novepr, WT-15, Amax 2.8, Augus 1951.



Chapter 2

CLINICAL OBSERVATIONS

:.1 i MOIrAu'ry

S.1. 1 W blson ot

7hroug the 30th day postlrrudiatlon, 63 of 73 amutal. were dead. Of the 9 suryvtors, 3
have since died: 3 animals in group H, 410 radf (I on the 10d day xad the other on the 708th
day postirradiatamo) and the other in groip 1, 306 ra& (on the 6419, day postlrradiation). As
evidece of a past history of irradiation, the animals tt died were generally emaciated with
abe • ptlatlo there usaly wsa atrophy of some of the semdaWlerous tubules. On the other

hand, tW lymiphold tissues and bw-marrow cellularity seemed to be In a condition consistent
witf the age of the animals.

8.1.2 Masm Sha

Throug the 30th day potlrradlAion, 21 ot 72 animals were deed. On the 40th day, I &Wa-
ml from group B (4906 rad) died. Thre were practically no offects of the radiation still visi-

We In the tisaso of this animal. T7e lympbold tssue was In fair coindition. Tho gastrointesti-
eal tract wma tree of lesions, and the bone marrow aippred to be of normal ceUularity. The
spleen was an ucepton; some germinal centers were misang.

2.1,3 DisctssIon

It is probable that nome of the 30-day postirradloan deaths should be considered as typi-
cal of any special type of radiation death; however, there in so doutd tA the expouer to radi-
atlas was indirectly causative ol many of the facets of the clinical picture which culminated in

A mmmary of mortality oa both shots Is een in Table 2.1.

2.2 WEIGHT

T7 lonq-tarm pictue of body weight ts summarised in FLg. 2.1. 1br Wilson shot, control
mes wetits have been plotted agpinst those two animals that lived 451 and 708 days poetirra-
dsWLao.. For YIssau shot, the coctrol mean weights have bees plotted against group C mean
wetib h group received the highest rad dose in which there tave bw no deat since the
&i-t 30 days).

There was definite recovery from the weight loss doring the first 30 days In both groups.
7 e anmlma alas tha ultimately died abowed a decline aear dath. The Irradiated admals,
in general, increaosd to w•el at the same rate as the controls; but, of course, they started at
a lower level.

12Ii



o CONT"O.5
0 ANIIMALS OSTE5TD* TO Of[

E~LrAU 
1

bCONTMOS
o MUP C (SURVWIVIN ANIMAL$)/

1 i -

12

PRE 30 100 200 S00 400 Soo f40 T00
IRRADIATION

DAY(S POST IRRADIATION

Fig. 2.1- Body weight change. in wankeym .zpoeed to nuclear ridlatlom.

A.S OPHTH1ALMOLOGY

23.1 Introduction

Duaring the course of Operation Plurabbob, optumlgc studies wtrp mae& an 07 umn-
ke's; 17 animals from Wilson &hot (3 inA group B, 6 in group 1, and S controls) and 80 animals
from Flzesu shot (nine groups of 8 and 8 controls). For WII. five eanamutlions over a persod
of approximately 609 days were performed. For Fisaeu. only three emmivitions are availaba,
over a period of 580 days; Lo preirradlatlon exuamsntion. were made. No 4sarly le=s chage
were observed; however, cataractogenesis has taken place with time, and at the preessi time
significant less damage has beow observed and appears to be increassing In severity.

2.3.2 Results

(a) Wilson Shot. The preirradiation eumLnumiom, using the slit lamp, shiowed all loame to
be clear. For a period up to 165 days postirradiation, there was no lIws damage; in some aal-
male a transitory iridocyclitis charbcteriaed by flare and cells in the anterlor chamber, celia
deposited on the anterior lens capsule, and increased numbers of cells to the retrolmntal ~CPU
was noticed. By 365 days postirradiation, the iridocydlitis had disappeaxed, and the lenses
were clear. At approximately 670 days poetirradiation, the first really significant fiaia be-
gan to appear. Table 2.2 summariree the information available. le general, for Wilso saimals
these changes consist of vacuole formation, formation of discrete modterate-else opcities lo-
cated chiefly In the anterior cortez, and the very early formation W posterior ami~apralar
cataract.

(b) Pbaem Shot. There were no preirradiation mxmimtlone pe'rformed; at 67 and S22
days postirradiatlam here were no lens changes. Transtory iridoeyclitis wans presaet and

13



TARLS 2.1-MORTALITY AS OF MAY 31, 1959

Doz,, reds Mortality

Group* Wilsoa Fise Wilson Finam

A 977 663 8 8
B 860 4N 8 7

C 758 440 8 2
D "A8 36 8 3
9 591 341 8 0
F 520 301 8 1
o 462 266 8 0
H 410 235 7 0
1 368 208 3 0
J 163 1

Coetrol 0 0 1 0

Slght animals in each group.

TA•LZ 2.2-•UMMARY OF OPHTHALMOLOGIC FINDINGS

Cataract Wilson Fiea Clinical
ostqory Group Dooe, rasm Group Dom, rads observatons

J 183 No significant deviation
1 206 from normal
H 235

0 266
n R 410 P, 301 Discrete opacities in anto-

166 s 341 rior cortx; early stages
of posterior subcapsular
oataract

If D s86 Some complicated cataract;
also vacuoles and ante-
rior cortical opacities.

m C 440 Complicated oatar-act;
B 496 granular, polychromatic,

posterior subcapsulhir
cupulliform cataracts

14



was of the type described previously for the Wilson antmals. At approxzmately 10 days after
Irradiation, definite cmages were noted; they ma summarized in Table 2.2. Groups B aO C
are In category MU (complicated cataract); group D liHe betwee categories 1 sad m, showing
both types of syndrome; groups X and F are In category H; and groups 0, H, I, and J are In
category I.

2.3.3 Discussion

Fizeau group D, at a dose of 306 reds, may prove to be the group thet represents the tran-
sitlon point or threshold indicator. At the present time, the appearnc of complicated cata-
ract in category MI animals is considered to be a nonspecific finding (a coVpucation of the
trtdocyclitts, a nonspecific result of neutron damage, 'iynergism between ouetron and pgmma
radiations, or simple responses of young lens to irradiation dama.e).

The most fertile area for study would appw to be Utas animals iA category U from both
Wilson and Fiseau. The changes seem are umlmal, early, and noaspecific; however, the pro-
gressioi of the lesions which will apparently take place shdald be ca- fualy documealled.

2.4 OTHER PARAMETERS

Immediately postirradiation, five other clinical signs were observed and reported:
(1) vomiting, (2) anorexia, (3) diarrhea, (4) purpura, and (5) epilatlon. At this time (some 21
mouths after Flaeau shot and 24 months after Wilson shot), none of these symptoms are to be
found in these survlving animals as a result of radiation.

15



Chapter 3

HEMATOLOGY

3.4 WU"O warT

3.1.1 Introduction

Caps tOat occurred in the Peripheral blood picture of groups 0, 2, and I during the
first 3 days posirradiation have been discussed in Report WT-1506. OX the 10 animals orii-
taoy exposed mad studied, 3 survived at least 30 days: I animal from group H (462 rub) and 2
animals from group I (410 rads).

uome 14 other animahe had received simultaaeous exposure to nuclear radiations at sltes
idsntical with those employed for the hematology animls. Those completely amalogouw survi-
vors were used to suppiemmet the depleted benatolop groups. The supplemental groups and
camcurrent controls (3 an=mal per group) were reinjected with Fe"Cls on day 34 after expo-
sure; seven hematologic samping were effected between days 34 and 51.

Decause the anmnla were subjected to other expo:tmental procedures that might have al.-
fected the peripheral benutology after day $1, sttbistical treatment of the data has bees Ulnited
to the period from day 34 to day 51. A somiquantitative evaluation has beow mad
for the period 13 to kn fys "pomure, during which time sampling was done at Intervals
of Approximately six weeks.

0) Fe" Iscaroorohs Tho tiscorporatiou of radlofrsn Into erythrocyte bhojobiz indi..

cated cmosderable repair ol erythrogmaic tiumes in the survivtag trrdUt. nmals. Both
eqpldmmted Wpo exhlMtea greater average Incorporation than the controls. However, on
a4roximti an asymptote, al values were within the rwange determined for Whcact ma-1atta
at the Redlobiologcal Laboratory Figur 3.1 shows the incorporation curves that were ob-
tuaied prior to exoure and at two Itervals after exposure.

() Erythroid Porsoters. Rejn 34 to 51; Tnme-course plots for periphr*4 ,rythteud
paramaters r sihown to) I . 3.3. Daft are expressed as percentages ol concurrent control
eatmal ulse. ftgr 3.3 reflects the integrated pictue for 9 hemoglotda-cn* bicod ele-
mmatls i terms of mea corpuscular volume (?dCV) Wswadmes corpascular hemoglobin (MC1M)
fJo tdo same tdme period. Table 3.1 ar asmrss the remlts of a type I saalysis of vairasoeo
(UAdqdl) of the rsw dta for the 10 peripheral hematologic parameters that were Iollwoo .

S.y to W: Rgar 3.4 shw Wme-cowrse plats 1w orryhcyte. bpwmogibu2,, and
10mmfocrit VON for the euptmed p srop from days 34 to W40 poNutsor. M e
red Meb o md010ell ec t eade7tmWCa eral vales 1ot his esuek of W pte t and
an sat showa. Tale 3.2 smnmerises t average valtes obtained $r the entre oesormst

• pm1*
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TABLIF $.1---SMMARY OF TYPE I ANALYM8 OF VARIANCZ

p value

Parameter A* Bt AIBZtM

zrywhwoyl• 0.01 0.01 0.01

HePatocrit 0.01 0.01 0.01
Hemotglobon 0.01 0.01 0.01
PRoticulocytes 0.01 0.01 0.01

Platel's" 0.01 0.05 0,01
White blood cells 0.01 < 0.06 0.01

Lympbocytes 0.01 0.01 0.01
Nolymozpmuclear

neutropblls 0.01 < 0.06 0.05
Modocytes 0 01 0.01 0.01
Eoso~blooh 0.01 0.01 0.01

*A (time offeot): cbhAw that ocurred ith tUme wbn *ow-
pared with the oonvurrod ooatrol animals.

t B (Vroup .flsot). resolution of the antimas Into groups as a
muctmon of rmdtat k does wen compared with the omourrout

oostrvl animals.
SAB (Itorsotou: toot oa the diffrences between IrradtUM

and oemrol groups for s entire toting period.
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TABLE 3.2--MZAII VALUES FMR PZRIFEZIAL NZMATOL(EJIC PARAMETERS

Appr*Xbmf e. raOM
Gr~~w of oo0ra1 Values

Parsmatr Cowroa 410 raft 4412 raft 410 rad 463 rein

Days 34 to H1

ErytkroiM:
1"Eryh osy., ld/am2 0.24 4.46 3.36 05 4
IHematocrtt.~ %38.3 S5.6 79.2 93 76
HOM61-bin, gi 10.1 9.0 7.4 as 73
Mean corpuecular volume., 01 7A 70 84110 111
Mean corpuscular beamW bna, ;ýpg 19.2 20.3 32.2 104 114
Meow corpuscu&ar hewitq1obt

conodtratlaw&. S/100 w.' red oellh 21.3 25.3 28.3 96

Total white Wood o~ell, 10'/aml 12.? 11.0 10.3 17 8 1
Lyunos1acy . c.11s/'10O 4 33 so 60 41
Polymorhmw~oar1. seutrcphils,

oeHA/11'0 4 37 0 4121
Plllt ~ U)36.5 26.6 19.0 7* S3

Days 62 to 644

1171hz 07164. 6.ae6.88. 5.4 48
Monwoerit, 46.4 43.0 0#.6 IS
Ma.mogiobia. g 11.9 11.8 11.0 IS IS
Usea oorpiau.&W r voluxe.j 72 ? 72 9? M0 1#7
Mesa oorpascular bemagiobia, owg 19.1 1917 "A. 1#31f
Momn ooWpocular hsagkW

oamcoeatratme. g/100 al red cobsi 26.2 27,4 17.0 104 163

ToW blvie blavd c44. 100/amm 13$ ii.6 1.0 34 64
Lyw~ocyl". oel./1W 45 041

Oells/1M 42 26 4t 8 104



(c, Myeloid parameters. Days 34 to 51: Figure 3.5 expresses the total wbite blood cell
counts deftrmimd for tk! applemented irradiated rvos a percentages of concurrent con-
trol •aues. A*aVtude of the bar denotes the relative total leukocyte count. 7U stipplod,
striped, and open so-nents reflect tba pr tosraou of the toW popaIntion wbich mas coAtributed
by polymorp1onaclear neuLrophils, lymphocytes, and the aggregate of monocyts and #e*.9i-
pils. F•gure 3.6 shows the ration of thr- movocytes and eosIoophils which comprised this
aggrepe popalatin. ftb colls were rarely found In any of the aninmas and are not shomw.
Te rsul's of the sttistical testing of the raw data are sunmurid In Table 3.1.

a 5 ftmres 3.7 An 3.6 are time-coutrse ;.ots for tot l enocyte, lymphocyte,
A pOlfmorpomclaar netroqbll coats. Figure 3.0 Shows th* average plttlet court for the

au. period. All data are exprepsed as percaftae of concurrt controd aaimal vwaee.
Tab 3.3 suminvrm the mean valus, found for the myaloil series castituents for two sub-
prtods acftr the exposmr

3.1.3 Discussion of Recovery an Loong-term Ifff*cU

(a) Frythroid &Ses. Sone-marrow aplasla, vkh recovery becoming apparent in those
animals destined to survive lor at least 30 days, wus the finding for the Wlso anAma.ls. In
oter animals which had also turvived the eoxoaure Or at laaA 30 days and wkich were used
to supplement the aepleted group, the peripherA blood pictures coincided well with tMe" of
the original survivors. 9tatntical analysis of the data showed the apparent cbhages were sit-
alcant 0 the 0.11 confidence ievel in almost ali parameters.

A rodculocy is was apparent as early s 15 days after exposure to 410 mda wW ou day
12 for the 43-rad survivor. The reficulaocytosi was accompanied by lapre numbers of nmcle-
Ssd red Mlood cels; both thee recovery iideme were at the mnuimum obairved '.nlues on
poeteposure days 34 and 35, but spe$&raa into dose groups remained apparent. It appears
that the recovery in the 402-rad animals vwa slightly delayed wItA respect to the recovery in
the 410-rad survivors.

SrYbwocyte counts and bemockftn hn hematocrit values wear inclining loward normal
abse t thM peIod from day 34 to eAy 51. Sepa•tion as a function of radation dose

was wufrmly aparent in all three parameters. grythro-yte counts ra=%inad depressed be-
low cocurrant omtrol anwimal values. On the basis of mean corpuscular volume, mon cor-
prculr hbmoioblz&, and mom corpuscular homoglobin concentration calculatons, it appears
that a stem-coll proliferation rate phenowm may have been limiting. To compensate for
eA at deficiency, calls sttxaM volumes and hImoglobin contents in excess of control values;
lwewer, the etcoMsron of hemoglobin in theae megaioblautm was essentially the same (or
sllbtly depreaesd) as the celiU of the cantral wdamsls. If erythbrpoiseis, cell volume, and
Scomnt#ut are amtsed ,o be primardy & fvnctl(m al p O in the blood, then much id-
hVg booome more uwderstandabie.

Corollary tc such a posi••tts Is that the colcetlve differences in erythrocyte number and
hanogle and 0 l atocrit values for the 6t- to 540-fty period are depressed by an averae
3.3 wad 11 per cent for Uw 410- and 402-rad animaju, reapectivel). ftr tho corresponding df-
fers-ces It MCY and MC11b, the average elevation above contrel values Is 2.5 and 5.6 per cent
for tiw 410- and 462-rad survivors, respectively. Thereloro it appears that - lonu-term effect
of posure may be manifested In the red calls; either a atem-cell proliferative rat, or a g-
moestly modifie precursor ce.1 could be involved.

() MAyvold Ser.s. Beginnig platelet, monocyte, and eoelnopCl ricovery in the 10-rad
sarvvors was observed on postexpoure day 19 and in the 462-rad survivor by days 22 to 24
for the first two paramsters. lareead total leokocyte counts were observed In all sur"iors
by Cy 34. Peak mwaotye prodctieo wua appareat frm dayr 34 to 30; eounophils attained
inulinum values from days 41 to 4. The polymorpbcnuclmr aMrophil portios of the white-
call population appars to have tncressed almost linearly from days 22 to 36 in the 410-rad
animals and had at*tnd maxzintu • alues by day 41 in the 462-rad animas. Lymphocytes,
uich Ma comwprised alwoas the Uu ot1, leukopytt popblatlon during the period of marrom ap%-
eta, still bW " &attined arml numbers through the 5lWt poetex~mr. dar. About 3S days
after exposur', the 410-rnd &ala k-d a N'orpwa" lympw cyte cumt; two of the 42 red aol-

!*
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male aPProximated control values at this time, but the third azimal remaiuned markedly do-
Wesad.

TUiG amunil was the sole survivor of the original hematology 461-rad wpoeor group. He
ad 102 days after avpoesre. All inyolid elements c the blood MAd returaod to asevattally

normal value in phse with the animals, used to supplement his grotip. However, after sestro-
Phil recovery led established the true relatiorn concerning the lymphoW@t wWsetopi popu-
hiaica, it beame possibis to determine that so appreciable lymiphocyte prodactlwi occ-wred In
this animal. The wa.xlmam value observed after the seutrophil recovery mu~ "complete" was
1l lymphocytes per 100 calls; anthat day theoontrols averaged 42 lymby per 100 calls,
and his too exposur gromqwmatss averaged 4 cells per 100 leakwoyts. His lymphcyte count
at the Ima predeAt saup ng was 6 per ceat. This would appear to bs a differentils type of
senuitivity In which a sinles tissee failed to raeetablIsh its fhcttoaallty.

In general, other periphera~l leakocyte elements had an average dsW~samono below costral
values for the 02- to 540-4by poatexposure period. Zxceptions were lywmphoyte and platelet
rens Is the 410-red mervivors; thes paramseters avertged 105 and III yor cog above cmn-
trot valuese $or theentire period.

S. 1.4 kaimary

Ja wsdals expseed to 410 and 462 rads of mixed soutron-pamma radiation, varraw apAs-
alt to in evideace for at team two weets. Heticulocytosis and sucleated red bWood cells attain
m~axmta values at about five weeks , o1tex4pomire; hemoglobin and bomatocrit valu"' art at
control levels tra sevrn to sdue weeks postexposure, but erythrocyte coimts lag. IWepM-
bbLstic cells wore tanned, apparently in a copestory mechanismn. A possibility exists that

m~lesc cells remai in Ilbs animals through 540 days after aiposure.
L~ookcte proetactirn, was apparent as early as 10 dayr after ue¶woure. Polymorphoan-

Clear wdrqftl promection appears to have attained a mautimm five ueeks after exposure;
mamcyte afttaood a maximan at about the seeos time. Mosneophlis attained a aifnuimm at

* aohm six week poa-tqomze. Lymphocytes, whick coomprtsed almost the sasire white-cell
popdatli %WU cowas were Is" then 1000/mm3 , were the ULaM couwn to recover. Mb.
aminal that died dauiag the 540-day period failed to recover in only ows way, lymphocytes were
easedaWll abseft from his white-cell popalation eleven weeks alter the exposare. For the 65..
t4 54-day pstmeperiod, moat oC the other lotccyte parameters averaged a depression
befiow comerruant ctoainimal values. the decresee in vartablity of witet blood cell cowto
acted la chronic trraistbans of nmkoeys was PA e*em in the abot Waeco aniimals.

3.2 VTh3AV 60

3.2.1 Inrrdactift

?e Lahm elop the youn animals conprilatu sANi Nissa ws at reported
Sowia W Bt 30-fy poemluraftat~s period Maceo It was desred to place so strews whaim

* ~elver om these animals which aud& influesce amortalitr.
aiftel after We period, a series of ~em*t* blood ocmis was psrlornmuud ring a

pere *I days. As AWri 1lIP, over a period ol sabou 40 deay, another Peries ad daf was
fha 48a selected gi m of theme meekeys. Th.tw o se *t. of dat he" been cow@"e4 by

GINUM -," end the resaft sad eaeuslome~ ane reported be*ow.

M3.2 Uftrlis and Mihted

ft b"d~i e "al ftory precdare such as utilised In UUIP " "pia lehomstarlee
* w*w -ea an for &U V.ati

Par parpos ag slysis, Scr animals were sele"te tnm each g: in which there
wer ftbhbs A the prW3*20to120 by. ('b)and the Inge 500to 00 bys fro putir-

* u~aiMW. xk5 Pauatrs wer a"aiabl: red blood cell am".s blmUmsglbtaft"W~ct,
IMNO ~*s band "al owsm"t, Parosd~v *I lyphcytss, percava of estrcqhil, ver.

M OW f tytes, an paeercp a olmoosils. Than #A" afts owee then treated by as



analysis of variance for all &s&Awas in Tj. Mhe paruimeirs tht were sipifesat at th 5 par
c"a level wero them t**Atd #1 Tj Im tb* saae smamma. MA tsonlly, fte is valae hr oc
parameter at T~wus ccompred to a sinila mama kw, T, by as aralyss at vutmee.

S2. 3. Results

(a) Tixw Ptrkr 2 IT) 3~o to 220 kiye Awfir~wAWI. MWe Mbood C91AW: there Is a
.ll* trend upward La te hi~gher dose prou, IPA*catag imeoery zrm Uthe rediathn. Illueer,
there itre no0 sigmlfcant due diffoeraces, and the gpc. e amot be disherdshd ram the

!!nmlbin:Tigr. is a dladnet difersce, between irradiated. saimi. sad CiMUAtr which
it attr~butabl to 4ke effect of redlattas andto is tsalecaliy x~ptitecaat at the 6 par coad swl-

dec level. 74vre S. 10 sbows Me mesa vlseo o .1" wie .ected Voq plotted aplas fts
potrradiatlon; the over-all mean for Tg Is abowA almo ft. each wop

Hematocrit: Thers ts a recovery tzimd prftat here wMAc actwaly tood to owa1 the
camtrcal and then dcmm romeoe~rw-t. Ther* art. so siglftfcast 4fenecee betweemii tows
but l.th~e d differences are utpl~fcast at the 6 per cest coaftdowe level. Yfpre S.1 w rs
the mean valow' ol five selected Vpap plotted &#ast days poindrrnattio; the over-all man
for TI to also obowa for sack poup.

PlatelThee.% values tarng this period rcovered to the poitmt whre the treads bemm

hiks do@@r 1.1 )b th mar .2skmtea values fo ie rLe oiv ses lected
&jx~wM da sy potrrdautm theiti ther- mr-al t or T; toasosos ter each Ps ahp

M*Isdefiately a recovery patters which occurs &ron the IM to 1S2b My posatirreution.
"w pa"asomlsy deriag the frst two porigiis resufts from the huinsty ad the ly0qti
coll toapper13 tbeir prowe perspectiVe now the meatropil. VwhCh reccver sfer, reawh

normal Thels I truswd depicted are sigmatiat at %he 9 per c" aft" Wsce1vQ, howwoer,
the" anao ipifcant dlUwftm between th grape.

of - "0 0 --- I-- - wr ): U sso te re hadbos

stguSficaat d£ffrowes or trend to dieves.
E!!S!IL~ o W 1, 1 Thee. refts are pre e a s t ft 3.14. lb. dof hv bo

soroalxedwit sew o aoswimt oorol alow,, t pere p aft d m~e wa lm a por-
c*Aav o cotrol vaubm ha. been iboum for each V ter the 0"v ensoke is TI, as well as
the five sauplee ts 7,ý. Thee. deta deinstrnhe SorftW the troemdos bsezaew ftNo q tpe
cell In Ow. perWo 30 to 60 days _ wtir iafe and the oobusqsmi d"Ieei to. Md OWNeMD
at, sorwai lve"Is. Tb. depicted chwea. are uiflcast at tho I por -w .onN osieR bw A

anmt he attribted to Irrndlatlm
tE!!!!te Of DE!5Aq"ls: 'e remlus~k are PrOSIMM IS Plg..1. W&~ & ., IOW hve

bun wwlas~ed wtit reqwec to the oosrai vakme, ane g~ve Sr so"em* plor th Aeftsm-
plo Wasa I& eah tlme period (~TI an T. Ther is a W40b sipiflosse Ip a 0.01) 1 1 ii
tk* thee place 45 to 00 4Wy postraUivialow Normal areW m romobd at very aematly 160

* days, and they have cowthaed wgi the pme in Ume.

0) Tdime Poriad : rrisee $ 0 ##S eys PW"e~dWA.m w all pwwmehrs NOWt Ower
wer e so diftereces at all bet was uw trnwied sainbmi Me eatrals 4A uhco n~ he a 49-

*reft result *I thw irnmiao eceved In 1001. 7W. rwmuy meed Is * e bied doed
aowp u p9l lodI to Is* dys was .esesally 000sw at tka aim, ds 11whe
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3.2.4 Discuuson

Of tdo As ptradars in wbth silnifireMa ebae were found, only threM show A any
lasting effects, i.e., henaclobin, pWtalets, ukd . ThoWs 1t not tA say tkat they are
Wte effects bet rzther tbat complete reovery was not effected in 120 days bit at mm later
411. This recovery is poportlmu to total dose, md probably the tbreshld Hes botween 206

and 250 raft under the lrradusfian conditions of thiv shot.
W coi*l note to most probably aa "o. sraboat" Ipbenow rwWMtt from two

ftors: (1) thi general tendsncy of th marrow to prouce more cells after th loss*s due to
radaionw and (2) the "erims "stress on the animals impoorS by the irradtiaton caused a
mare einapemas during the period 7 to 30 da.ys pDorra•iaon.

bs gineral, do response am resolt represset the cLasuic" * picture of the results of sub-
lothal to niRAW doses of Ionizing radiation; the response it identical with, but of a lessor

deege, tbe resposs in the mankoys in shot WLIon which received much highr does. There-
lbre at 00W dayai porraflatlon, there are few or no rosidal effects on peripberal hematology

In tOw GWs Talz aniWs that survived the first 30 days.
R = t be acted that the aimal of wot Fiseau comprise a mixed group of mnles and fe-

males. (Of W nine groups of 4 sAimals each analyzed vithou regard to sex, 22 were male"
Mad 14 wre femahd ; five groups contained 2 females, and the remaining four group each had

1 fmbI. Frther dscWslaon of effects in relation to sex differences will be covered in
CbW 4.



Chapter 4

BEHAVIOR

4.1 INTRODUCTION

Pat research at the R*aoblogcal Lboratory, cmftcted with male rheu monkeys
previously exposed in the laboratory to a mized source of gmm and neutron radiation, tound
that tho effects of such radiation espoonre include chaages in cage behavior,' decreased dis-
tractifblity,' facilitated performance on discrimdnativn problems with rodced stimulus cues,
facilitated delayed- esponse performance, and aome deficit in visual acuity prformance.4A'

The present series of studies was undertaken to determine the effects fa the field exposure
of the monkeys of the ltesau shot on performance on the same and si•mlar tasks.

4.2 METHODS

4.2.1 Sbjects

Sixty-four rhesus (Acaca mulaft) monkeys of the Fisau shot were used as subjects, 40
males and 24 fisles. 1For this study the 23 animals of the control group and of radiation sub-
groups I and J constituted radiation dosage group 1, the 22 animals of radiation s F,
G, and H constitu/d radiation domag group 2, and the 19 animals of radiation subgroups C, D,
and K constituted radiation doous group 3. Grouping in this manner was necessary, in the 111-
tal study to be reparted here, to meet the requirements of the chi-square test with respect to
expected frequencies in each cell. The came groupins were maintained in subsew -emt tests to
render the appraisal of radiation donge effects comparable from test to test.

4.2.2 Procedure

(a) Prelimiuary Wisconsin General Test Apparatw (WGTA) Trauinig. This training was
conducted from Jume 9, 1958, to Aug. 4, 1958. Its purpose was to Lrin the subjects (1) to take
food from the test tray of the WOTA, (2) to associate object blocks with food, (2) to respond to
object blocks only as such response is instrumental in procuring food, (4) to continue response
to object blocks in npte of the distraction of the sliding screens of the WOTA, and (5) to con-
tnue response when only 0.60 of responses to object blocks are rewarded with food. A sche-
maUc drawing of the WOTA is shown In Fig. 4.1. The program involved five sccessive cri-
teria, which were tested in the following order:

1. Criterion 0: If an animal on the Initial day of testing failed to respond immediately to
three pieces o food placed on the front-ce•Atr surface of the test tray, he was teot"d to the
criterion of 24 successive procurements of food from the surface of the test tray per day for
two successive days belote being tested on criterion 1. However, If an anmal na the initial day
of testing responded Inmediatoly to food on the open tost tray, his testing on crIterion 1 was
heum. Both screen of the WGTA remained up durink all testing on criterion 0.

21
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2. Criterion 1: A red-psaled square wooden block measuring 3%4 by 34/ by 1% is. was
ued lu this test as well as In all subsequent testing. Ti block was chained to the test tray to
pmevent the animal from pulling it to him In the test cap. The animal, am eah trial, saw a
piece of food placed in the caeer food well of a tray having three tocvf i • ".z. 2,
block Placed over the baited food well, and was then given an opportwunty to push away the biock
and procure the food reward. Each animal under this condition was testod to the crlterion of 24
successive procurements of food reward per day for two successive days.

3. Criterion H: Testing on criterion 11 was the same as an criterion I, except that the for-
ward screew was dropped during the bolting procedure. Twenty-four -uccgi e responses per
day for two succaive days were again required.

4. Criterion m: Testing on criterion M was the same as on crlteriomn , except tht the
block was no longer chained to the test tray.

5. Criterion IV: Testing on criterion IV was the same as on criterion HI, excep that
manual response to the block was randomly reinforced with food only balf the tims.

N an animal tailed to respond within 3 min in the appropriate manner at any stage of the
dy's training on each criterion, his testing was terminated for the day. Pieces of diced apple
were used as the food reward.

After completion of the above training procedare for all animaAl, testing was initiated an a
single two-object discrimination problem. The positive of the two objects was a yellow-painted
square wooden block, measuring 3 by 3 by %/4 in., with a circular red-painted wooden block,
measuring 2 in. in diameter and % in. in depth, suerimposed. The negative stimulus object
was a yeliow-palnted square wooden block with the same dimensions as the base of the positive
stimulus object. Each animal was tested 24 trials per day on this discrimination problem to a
criterion of two successive days with three errors, or fewer, per day.

(b) Discrimination Problems with Reduced Stimulus Cues. This training was cooducted
from ept. 12 to Nov. 20, 1958. The stimulus objects for this training were identical to those
used on the two-object discrimination problem. Eaich problem on this task consisted of two
trials. On the learning trial the animal was rewarded for responding as he had learned to do in
the discriindation training. On the test trial, with only the two Identical yellow wooden blocks
being present, he was rewarded for response to the position that was rewarded on the learning
trial. Position of reward was, of course, randomly varied from problem to problem. Each and-
mal was tested on 24 problems per day for 32 days, a total of 768 reduced-cue discrimination
problems.

(c) Spatial Delayed Response. This training was conducted from Dec. 2, lMI, to Jan. 15,
1959. The stimulus objects were the two identical yellow wooden blocks that Wi been used in
both the single discrimination training ad the training on discrimination problems with re-
duced stimulus cues. Standard direct-method spatial delayed-response tecaiques were used.
The length of each delay was 10 sec, and the opaque scree of the WGTA was raised daring
each delay. Each animal was tested 24 trials per day for 24 days, a total of 576 spatiadelayed-
response problems.

(d) Viual Acuity Testio. This training was conducted from Jan. 19 to Mbr. 5, 1109. The
training was intended to evaluate the minimum-stze figure that an animal can perceive. The
problems required the animals to choose between lank cards and cards containing black dots
of vartouA sizes. A card with a dut measurtag 2 in. in diameter was uWd In the preliminary
training; and, in the visual acuity testing, five cards containing dots varying In diameter from
I to 1/0 in. were usd. la the preliminary training each animal was tested to the criterion of
21 correct responses (24 trials each day) for two successive days. Ih the visual acaity testing
each animal was tested 24 trials per day for five days on each of the five remaining cards given
in order of increasing difficulty. Response to the card containing the black dot Was r.eia*c

(e) Systematic Observtfions of CW' Bekovior. This testing icluded thMee N&WO
periods. The first set of observations mw made from My 12 to May 23, 19•1, the second st
from Nov. 10 to Nov. 31, 1954, and the third set from Nky N to Jume 4, 1059. The miethodolog
followed that of pevimos studies" ad consised of systematic observations of the free-cap
behavior of the monkey. Dariag each observation the animal was placed in a special holding

S.



Wcae. This ,AV pRmsaa d 3 by 3 by 3 ft aM vas contructed of steel bars IlCd 3 In., Aprt
cQter-to-MeIvr. A wooden cage bed VaS a&axed to one side of the cagp.

To rMcord aS oberntion, the expertmeter sat I ft from the cage ad recorded c a
M 1 2o10 - cateory sheet what the anWdzW's behavior was every 10 secs on the 10-sec

mark. Mace oach observatioa was of 5-mtn ,uration, the toa frequncy cout for each animal
hor each observation was 30. hach animal was observed five times daring etch of the three
sets of observations.

The behavior catelortes discussed here include (1) noodirected locomotor activity;
(2) obect-rected activity, either by respomm to the wooden cag bed or to the metal cap
ParUt; and 1'S) attsntlce to auditory atimual ocurring outside tA* tes room. Xach of these cats-
opri"s had d4ffrmtlated between the irradiated and the normal imals in previous work.t

4.2 RESULTS

4.3.1 ProUminary WOTA Training

Figure 4.2 shows the proportiom of animals In each radlat•w group that responded Immed -
ately to food as the surface of the test tray on the initial day of testing. Statistical treatment of
Wths data yielded a chi-square value ol 1.44, which, for 2 degrees of freedom, Ie beyond the
O.OCI slgalfcance level. The probability of immediate response to food on initial euposure to
the tea situation Increases directly with relative radiation dosax.

Figure 4.3 shows the median sumbor of days to criterion for each group on each of the
lat four criteria. Only with respect to criterion I was a difference mnWf*stod. Statistical
analysts of the data for criterion I, using the mKei teat, yielded a chl-square value of 6.01,
which, for 2 degrees of freedom, is beyond the 0.05 significance level. Te median days to
cerlmItM were sioMwlfctly greater for the animals of group 3 than for the animals of either
po mp 1 or 2, ouggetig slower assocla'lon of the object block with food reward for the aW -

Figure 4.4 compare. the sps with respect to proportion of subjects In each gro#p at
Or below the 0o30 median number of days to criterion an the sige discrimination problem.
StUelcal adlyuis of thes data, comparMig proportion above the common median to propor-
tim at or below the common median, yielded a chi-square value of 7.98, which, for 2 degrees
at freedom, Is beyond the 0.02 signiflcance level.

4.3.2 Discrimination Problems with Reduced Stimulus Cues

T7e percestne of errors for mcce*sF,, four-day poriods of testing am the discrimination
prfoblems with reduced Silmulus coe Is shown In FIg. 4.5. The upper portion of Fig. 4.5 shows
the data for all the .. mall of each doeag group, the middle portion sbows the data for the
MO aldmalq only, and the lower fortlon shows the data for the female animals only.

aWIstical Analysis of the error data for all the antmals of each radtation group, using a
mixed type analysis of varlw.* deoig, y9elded no sinificant difference between radiation
1m (p - 0.20),* a siniftcmnt practice effect (p - 0.301), aod o groups by practice iater-

A simlar aualysis for the error dt of the males yeleed identical rmult. The results
*t the aftlyso tor the femawle wr the same, with the exception that the difference between
radhat~ Ip did not reach tde 0.20 sWilfIcace level.

4.3.3 Eptal Delayed Roepos.

MTh porcm p ad errors frr soceesve four-day pertods of testift on the sai
delayod-respae pr•bems to obsom ia FIg. 4.6. T7e aper portion of Fig. 4.0 show the data
for al auinals in each domsg grak, the middlo portion shows the daft for the male animal
caly, end the lowmr portion s the dt for the fewas. atuals only.

* To peMit a @*)"la" ovsawslon of J xowmln ti, all diwrc. I twin We d WWmee-
qest eakyses at or We,,Id the @.o2 slgefcae lewd are "eoet*

40



?0 IC04T*OL. .'S I

2 FOSM

Fig. 4.2-Propcutlo at saimaal im esch lpm that reyosded tinmodiazY 10
food on iwitial day ci testing.

Fig. 4.3-Md;aa um .t ad days to crito.a to, each V ny* ctitswa I so IV-

I F - -_ _ __~L.1,0

tSo

Fig. 4-4-PpopvsIm of mP).ca I each VoW at m b.elw do cemes aumeb
beswr of day% to cwft~vertna do Oot~ee disAnieo Pui4bI.i



DOIAGE GROUP

to

at

DAY

1% .-0o* lotol *ma wd ~W gwtga

£4



Statistical analysis of the error dafta for all the animals of eWah radiationgrs yielded so
signIficact difference tLetween radiation groups, a signlfcai practi,:* effect (p - 0.001), aNd n
groups by practice Waei action.

The analysis based on the error data for the males yielded a significant diference between
radistion groups (p - 0.05). a stiatficant practice effect (p -0.001), &ad a significant grusp by
practice Interaction (p - 0.05). T1w results of the analysis for the females yielded a significant
practice effect (p -0.001), with the other effects not achieving the 0.20 slgipfcamce level.

4.3.4 Visual Acuity Testing

The radiation groups did not differ significantly with respect to trials to crlterlai oa the
preliminary tralaing of the visual acuity testing. The msan errors for sech of the five prob-
Ie=& of the visual acuity testing are shown in Fig. 4.7. ThU problems are arramW~ I"=o left
to right in erder of decreasing size of the dot to be discriminated. The upper portion of Ftg.
4.7 shows the data for all the animals of each dosage group, the middle portion shows the data
for the male animals only, and the lower portion 4twws the data for the female animals only.

Statistical analysis of the error dafta for all the animals of exch radiation gr yielded so
significant difference between radiation groups (p -0.20), a significant difference between
problem. (p -0.001), and a significant groups by problems Interaction (p -0.05).

The analysis of the error data for the males yielded only a significant difference between
problems (p- 0.001). The results of the analysts for the females yielded similar results, with
the exception that the groups by problems Interaction reached the 0.20 sipitftcaw*e level.

4.3.5 Systematic Observations of Cage Behavior

Th. mean frequency of attention to auditory stimuli occurring outside the test roomi for
each of the three successive nbservation periods Is shown in Y~g. 4.8. Thupe r portica of
Fig. 4. 8 shows the data for all animals in each dosage group, the middle portion ohmws the 4Ma
for the mnale animals only, and the lower portion shos the data for the femlal animals only.

Statistical analysis of the frequency data. for all the animals of each radiation group
yielded a significant difference between radiation groups (p - 0.01), a significf How.efec
(p - 0.02), and no groups by Uwme tateraction.

The analysis of the frequency data fW the males yielded a signfcant difference between
radiation groups (p - 0.026), wo significant time effect (p -0.20), and so gmrous by tUme iner.
action. Th, analysis for the females yielded so significant effects. The tie effect for the fe-.
males was, however, at the 0.10 sgignticance level and the Interaction effect at the 0.30 signai-
caw*e level.

The moan frequo-cy of cape responses for each at the t*ree observation perioda s to wf
in Fig. 4.9. T7U mper portion of Fig. 4.9 shows the data 1or all animoals la each dmoW grmp~,
the middle portion shows the data for the male animals onl, and the iower portion shows the
data for the female animals only.

Btatlstice.1 analysis of the freqnescy data for all the Wanals of each rodiatoo g;ou
yielded no significant difference between radistiou grunps (p - 0.20), a signiican tise effect
(p - 0 001), and! no groups by time Interaction.

Analysis of the frequency data for the male %Wlinm* yielded so significast diffrenc, be-.
tweeni radiation pspe (p - 0.20), a si~gnifican time effect (p - 0.005), aOW so P' by time
Interaction. Analysis for the females yielded a sigififcast difereace betwoee midiation as~
(p 0.O05), M.o tim0 effsect (p -0 0. 10), and so iFtv4,'"

In the analysis af the frequency data ooewernWd with lo~oio~r activity, sawe of the effects
reached the 0.06 atglpfcance level.

4.4 Dt9CUNION

T*he dats of the first of ti. series at studies reparteod her* shmw tha the higter the does of
previcias wholo-body irradiation (within the ran*e of the dosinge weed), the greater the prob-
blhty of ImmsedWat resposse to food by moakeys when first placed in tho WOTA; the slowe the
assoctiation between an uo)ect block said food, and, oce each an associatims bas beow kwoood,
the faster the discrinminio betwee a good- rewarded and a somfood- rviarded objsat bkmik.
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atice rather thea to scrty amnxea eakpoiecurtoofahy esl
pr"Wslya~ac*Cby MeDOW01l #Am &MoM'

Inv7%o e Wm lptora hyohdoto ewilaa ftwl~itatlve effect*e of trradiatlo& ~m Wh I r
fom&*of onxakeysas onditealsatiou procdtais with rkedued athwals cev~s, Wht previcous

irradiat~m *lenat*@ thresholds for all respoases to the stdmuli In the animal's evironas to the
same dopes. Cassequly, the rosponse-provoklag potentiatltes &f the weakOr stimuli are
redced ýr log, sand an iuncrase percentage od tobal responses a"e directed to the stranpur
sttinl. Is the first of the prmeset eerie. of tdies In lin with thV hypothests, the higher the
previous dosag, the tastar the response to good (which is a roliatlvely strong stimulus), the
slowor the remwto & wooden *objc block (,Pfcb is a relatively week stimulus), and the
kAstr the discrimlination of a 'Ad-rewarded object block, after ob.'ect blocks bad acquired the
stinslas yvais of food.

Mwe siplfcant fWiAW for the wale radlatica dosage grops ot the present series of
sbudis ons spatial delayed-response performanc, and on attention to auditory stimuli occurring
**tside the test room are inamccorduace with previous findings by KC~owel"- and Brow. 5 ha
addim. tde troof sgetdin the analyses of the danta for the mal. radiAtio &dage group
amisalsa2o discrlizaiation problems with reduced adanm m and on responses to cage parts
are is the directica of agreement, although the differances do not i each the couventicm.1lovels

The observed. difference bahwea males and females reIlatve to 11w radiat~on dimension
am the four abiwe-amfslovd vartiabes wungsst the need for investigations of the sea variable
as it relate to performance and radlatin.* These findings render questonablz gaemralization
tram any of the behvioral analy"e which &ra based on all the animals of eachi raJiation dosag

The fteimp on the vtsual acitty tasting of the preemt sarie" of studies show no deficit In
aam -else discriomination as tOw relative radiation dosage increases. On the contrary, a

Jaziitaim sems sueetsed an the mnore difficult discriminations. 71. contrast between these

restUtlm. Damn of the possible sources of difference may be differential radiation sources,
differential dosage rate", age of the ainalual at time of exposure, or the calendar time between
testing and saposue. The last of these possible sources of diference apoeasr to be the most
probable to the asthors.

1. A. A.. McDowell, Coamparisons cf Distractibilty in Irradiated and Nou-trradiated Monkeys,

2. .,&. A. McDowell and W. Lynn Brown, ftcilthtxtvi' Effects of Irradiation on Performance of
Ilaskey an DW.Lrtmination Problems with Reduced Stimulus Cues, J. Genet. Psychol., 93:
73-78 (1960).

3. A. A. McDowell and W. Lynn Brown, Waent Effects of Chronic Whole-boay irradiation upon
the, Performance of Moakes on the fSptial Delayed-response Problem, School of Aviation
Meadicn, UsA", Report NO. so, 19ss.

4. L. T. Davis, C. B. Mlan, and A. A. McDoWeL% Latent Efects of Chronic Whnol-body Irradi-
sties of Moan"y with MIzed Scarce Radiation, School of Aviation Mfedicine, USAF, Report
No. 50, 1957.

S. W. Lym Brown sad A. A. McDowell, Visisal Acuity Performance of Normal and Chronic
Irradiated Mookeys, School ad Aviation Medicine, USAF, Report No. 149, 19U.

6. A. A. McDowell, It. T. Davis, aad J. P. Maeee, Application of Systematic Direct Cheras-
tional Method to the Analysis of the Rladiation Syndrome in Mookeys, Perceptual and Motor
adus, 6: 117-110 (1966).

*Sclam& lpim are projected and are currently awaiting an appropriate statistical

dusip from the Department of Diometrics, School of Avlriao Medicine.



7. A. A. McDawel vAd W. Lym. Brimm, Somei Effects (d Nuclear~ Radiatica Kposure OS the Be-
bwdor of the Rbwia MoWMe, School d Avlatian Haftim, UISAY, Riuort No. S8, 1968.
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mOa h Seaavlor of the Rhm Akxiy, School of Avlatice Miseicmn, USAP, Raort No. 00,
ig8..
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Chapwe 5

CONCLUSIONS AND RECOMMENDATIONS

5. 1 COUCLU6OUM

5.1.1 Clinical (Oaservations
(a) Lethality. Th. 13 animals carrtWy alBve from Wilson shot and the 66 animals cur-

rwitly alive from Fisean shot show so cusaica symptoms that would allow any specific psoge-
asi af death.

4b) W.#gI. Weight losses dhe to Irradiation have been recovered io n allsrvivors, and
turther changes should be very simila to thoso seen in the normal control mookeys.

(C) OD0 h.moloay. Defntecaato genesis has been observed at the end of the second
yea postlrradiation; this damap to generally pxcortional to the rad done received, with a
threshold __ nar 303 to 332 rads.

(d) Othv Parameters. At the date of this roport, the animals that suffered from
vomiting, anorexia, diarrhas, purpura, and eptlation resulting from the exposure to nuclear
emanations have recovered. 01 all these parameters, Ims damnag ap~pears to be the only late
eftlet with clinical manllestatlcao.

5.1.2 Bematolopy

(a) Wisan Shot. Irythraid elements of the peripheral blood recovered by 540 days;
larger *mbers of mepaloblastic cells appear to be present right up to the time of writing. For
the 68- to 540-day poetexpoears period, most 1eoakocytic cells show a depression below concur-
rent control values; an animal that died daring this period showed practically no lymphocytes
in the circulation. noe decrease In variabiity of white blood cell couts noted In chronically
irradiated moukeys was not seen in shot Wilson animals.

4b) flhea Shot. 7Ue radiation damiage resulting from asposur to the nuclear detonation
ftWch appeared during the first 30 days Aotzoue has now (about 21 months poetirradla-
tkos) been repaired.

5.1.3841ehavlor

It met be concluded that, with regard to preliminary WIGTA training, discriminaion
probules with redsced etimalus cues, spatial delayed response, and systematic observations
*I ange behavior, the previous laborutory findings have beow comafrmed under the conditions of
Irradiallom In the field.

Mie acllltttiom of visual acuity as the relative radiation doages increase may prove to be
of great interest.
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5.2 RXCOABAZn•DATONt

5.2.1 Clinical Observatins

(1) Lethltty. All the ,mrviving animals should, If possible, be m •itau lAtIaltely to
observe mortality and determine the caue of death and axn tha . in lfa span or ,,rcologj.

(b) Weisk. Since these daft ar, always matained in the practice -mf good animal hoe-
beadry, they should be analysed and Interpreted at frequent intervals.

(c) Opfthalmoloy. It Is felt that the category I animals should be studded at lates ;&as of
six mouths to cue year In a continuing seareh for the least-detoctable result of the type of ra-
dIstlon employed. Ruamination of the category U animals should now be dome at more frequent
intervals, perhaps every 90 days, to watch for progression of the changes alre** present and
to detect the apparce of mew chage should these occur.

5.2.2 Hematology

Sampling for all surviving Operation Plunmbtb ani•mals should continue am a semianul
basis. Approximately 24 months from the time of this report, It would proambly be of con-
siderable interest to sample the peripheral circulations weekly for five -;eks and once asin
to analyas and interpret the results.

5.2.3 Behavior

The value of further obsrvations to confirm the Iong-terr- eV-ftz - b-barir, to de4oen-
strate or disprove the apparent facilitation of visual acuity, and to amplify thet differential sex
rerponse indicated cannot be overestimated.
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